Alpha-tocopherol transfer protein deficiency in mice causes multi-organ deregulation of gene networks and behavioral deficits with age.
Functions of alpha-tocopherol (alpha-T) in vivo, other than those for fertility in females, are intensely debated. The discovery of alpha-T deficiency in patients with ataxia (AVED) followed by the identification of mutations in the gene encoding alpha-tocopherol transfer protein (TTP) in AVED patients demonstrates an essential role of alpha-T and TTP for normal neurological function. alpha-T molecular targets that account for alpha-T-sensitive neurological dysfunction remain to be discovered. We have used high-density oligonucleotide arrays to search for putative alpha-T-sensitive genes in the CNS and other tissues in an in vivo model of alpha-T deficiency imposed at birth by the deletion of the TTP gene in mice. Repression of genes affecting synaptic function and myelination and induction of genes for neurodegeneration in the motor cortex of alpha-T-deficient mice were identified. The expression of retinoic acid-related orphan receptor alpha (ROR-alpha) was repressed in the cortex and adrenal glands of TTP-deficient mice. Deficiency of ROR-alpha causes ataxia in mice and may account for ataxia in AVED patients. These observations suggest that some of the actions of alpha-T are mediated by the transcription factor ROR-alpha. The behavior of young TTP-null mice was essentially normal, but older mice showed inactivity, ataxia, and memory dysfunction. mRNA profiles of old alpha-T-deficient cerebral cortices are compatible with repressed activity of oligodendrocytes and astrocytes. In conclusion, gene-expression profiling studies have identified novel alpha-T-modulated genes and cells in the CNS that may be causatively linked with delayed neurodegeneration and age-related decline in behavioral repertoires.